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HP Turbine Dense Pack Modifications

Operating Options and Economic and Environmental Analysis

Unit Oparation Economica Environmental
O ey —=r— ~R5% aa—
Station Max Heat Rate | Consumption | Total Capital | Benefit Per Payback BenefitCost § Emissions per| Emissions per
Option Description Gross Load {BTU/IKWH) ] (TONS/IYEAR) Cost Year Perivd (Yews) Ratio Year (Tons) | Year (Tons) Envivonmental Assesmont Camments
Curent Emissions imés ars 0.5
Ibs/MBTU of NOx and 0.15 Lbe/MBTU of
$02. Both or rolling 30 day aversge Current NOx emissions rate is 0.42 baMBTU
Current Operation 1750 MW 9500 5,268,249 NA NA NA NA 26109 2984 basis. and SO2 18 0.048 IbaMBTU
1 Maintain tha same historical maximum ioad ' Operating in this manner should not
with improved heal rate. <::> ﬂ ﬂ @ trigger a New Sourcs Review (NSR) of
P tion of Signi Deteri A no change in NOx and SO2 amissions
Same 214 118,536 §9,400,000{  $4,267,282] 096 11,67 587 87 (PSD) review. rate.
2 Maintain the same historical steam flow ang
® increase turbine/generator output. (Note 7) ﬁ ﬂ <;::> C'_‘_"_:> <::> Since Nox and SO2 emissions are
junchanged, increasing the load should  [Assumes no change In NOx and SO2 etvissions
40 MW 214 Same $9,800,000] $15,137,2804 0.28 39.46] Same Sama nat mandate a NSR or PSD review, rate.
3 Install additional plant improvements to If we agree to lower our current Nox
increase boller and other systems capacty. @ ﬂ |emissions limit to 0.47 Lbs/MBTU, we A NOx e rate | 10 0.44
No new NOx control equipment might be able 1o get this approved as 8 {Ibs/MBTU. SO2 emissions wil lower to 0.035
100 MW -214 310,224 $21,400,000 $37.843,200) 0.43 26.33} 2854 680 "synthetic minar” change. (Es/MBTU. (Nata 6)
4 4 Instail additional plant improvements to
‘\‘\ w increase bailer and other systems capacity. B If s0me dxmm In Nex emissions laTr:whnd. thix
[),) \9 Install moderate NOX reduction squipment (e: Mmm%«:‘ mmsel“ NOx emigsions will lower to 0.3 Lbs/MBTU and
SNCR). 100 MW 214 310,224 $36,400,000)  $35,784,705) 087, 12.89) -6362 80 ( which would get us beyond 2007. [SO2 lons will lower to 0.035 LbsMBTU
5 ‘fns(all additional plant improvements to SCH's shouid only be instalied fthe
increase boiler and other systems capacity.. currently propased national limit of 0,15
Instail aggresiva NOX reduction equipment (ie: Tbe/MBTU by 2007 is actually pkiced Into |NOx emissions will lower t0 0.15 Lbs/MBTU and
$32,639,250] 1.49; 7.54 -16236 -680 law by the EPA. S02 emissions wilt iower to 0.035 LbstMBTU

General:Assum,

[ y 34
Present Value Annuity Factor (F/A, 6.35 %. 20j
years):

for
. 26%Benefit per Year = (Increased Generation)( Equiv.
Hrs.) (Cost of Replacement Energy) = §

$716,137 280Nota 1 - Avoided mainienance cost equals the normal overhaul cost for the tubine HP
saction pius the avokied outage extension of 3 days to refurbish the HP nozzle block.

Hours of equivalent operation/year (8750X 0.9 Boiler Heat Input Raduction = Proportional to 2.25%iPayback Period = (Capital Costs - Avoided Costs) 0.2
2 Cap, Facter): urbine Efficiency Increase = enefit per Year = Years
Net Heat Rate Reduction » 2.25%(9500 214iBenefit {o Cost Ratio ~ (Beneftt par Year)(PV 39.48|Note 2 - Cost of additional plant improvements Is the projects necessary to Increass the
3 Cost of Fuel ($/Ton): $3G[BTUWKWH) =BTUKWH nnuity Facta)/(Capital Costs - Avokied Costs) = capacity of alt other plant systems to handls the increased load. This inciudes the coofing
Reduced Fuel = (Heat Rate Reduction)(Station 118,85 lowers, main transfomer, generator cooling and other systems.
4 {Costof replacement energy (S/MWH) $48INet Load X Equiv.HrsY(Cont BTU/LL)(2000
Avoided maintenance cost for the station Lbs/Ton) = (Tons) |
5 (Note 1): $5.304, NSRS L T ANAlY SIS fOFD) Note 3 - Since this modification woulkd only be done if SCR's are requirsd by 2007, anly the
iBenefit per Yeur = (Reduced Fusl){Cost of Fus)) = $4,267,28: i par Year = (Increased Genssation){ Equiv. $35,784, 708 linterast for completing the project 3 yoars sariief Is included in the analysis of the
8 High pressure turbine section retrofit: $9,400,0001$ rs.) (Cost of Energy) - Operatii tion.
Cast of additional plant improvements [Payback Period = (Capital Costs - Avolded Costs) 0. ost/Year = §
7 |(Note 2) $12,000,0 oefit per Year = Years Nots 4 - Cost of Urea is based on $0.75 per gallon for a 50% fiquid solutian, Costof
Hﬁemﬁt to Cost Ratio = (Benefit per Yean(FV 11.67}Payback Period = ( Capital Costs - Avoided 0.87jammonia is for anhydrous at $0.15Ab (Current price for ia usad for water
8 Cost of moderate NOx contral equipment. $15,000,0001Annuity Factor)/(Capital Costs - Avoided Costs) = osts) /Beneft per Yesr = Years at IGS).
efit to Cost Ratio = (Benefit per Yearj(PV 12.8
9 Cost of ag! NOXx control eq $170,000,60 Factor)/(Capita] Costs-Avoided Costs) = Note 5 - Operating cost for SNCR includes 1% of the capltal cost per year for Maintenance,
;5 T IS T & Operating cost for SCR inckides 2% of the capital cost due to anticipated frequent
10 |Operating cost per yaar for SNCR: $2,058, 495 afemss = Analysis for:Optiol 3 i 2fOLC ote 5t||replacament of catalyst panels.
Benefit per Year = (Increased Generation)( Equiv. $37,843,200(Benefit per Year = (Incregead Generation){ Equiv. $32,638,2!
11 |Operating cost per year for SCR: $5,203,850)Hrs.) (Cost of Replacement Energy) =$ r5.) [Cost of Replacemant Energy) - Operaling Note & - SO2 amk will d by installation of a device to increase scrubber
Payback Period = (Capital Costs - Avoided Costs) 0.4XCost=3% - removal sfficiency. The device sfiminates the "snaakage® of flue gas around the module
12 |Coal BTULR 11,8 nefit per Year = Yaars twalls thus improving removal effici
Urea (SNCR Reagent) Utilization per Ton NOXx, I{Beneﬁt to Cost Ratio = (Benefit per Yearn)(PV 26.33|Payback Period = (Capital Costs + interast for 1.49
13 removed (Tons) HAnnulty Factor)/(Capital Costs - Avoided Costs) = NOx Control- Avoided Costs) /Benefit per Year =
Ammonia (SCR Reagent) Utitization per Ton Years Note 7 - Capital cast includes and extra $200,00 for minor modifications to main
14 of NOx removed (Tons} .37 and isop duct to handle increased load.
fincreasad Fusl = (Decreased Heat Rate)(Increaed 310,224)Benefit fo Cost Ratio = (Benefit per Year)(PV 7.54
15 Cost of Urea per Ton $300ENet Load){Equiv.Hrs)/{Coal BTU/LE)(2000 Annuity Factol)/(Capital Cost for Upgrade +
Lbs/Ton) = (Tons) interest for NOX Control - Avoided Cosis) =
16 Cost of Ammonia per Ton $30
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Unit 2 Projects $10,850,000.00
HP Turbine Retrofit $4,800,000.00,
meooling Tower Performance Upgrade $2,000,000.00
Boiler Safety Valve Addition $250,000.00
Generator Cooling Enhancements $100,000.00

" Isophase Cooling Enhancements $100,000.00
" Large Motor Bus Loading Equalization $150,000.00
|D Fan Suction Duct Evaluation $150,000.00
“mBﬁéiler Feed Pump Pé“rf‘d}ﬁ)ance Upéfgd $150,b~06:b*6
Main Step-up Transformer Cooling $100,000.00

. Burner Replacement $2,000,000.00
Scrubber Wall Ring $600,000.00
Generator SCW 02 Monitoring $100,000.00

HP Heater Drain Line Mods $100,000.00

~ Bolle $250,000.00

Boiler Modifications

'Un-it“1“ Prgoj‘ec'tsw

"~ $10,850,000.00

"HP Turbine Retrofit $4,800,000.00
Cooling Tower Performance Upgrade $2,000,000.00
Boiler Safety Valve Addition $250,000.00

MHG;'nerator Cooling Enhancements $100,000.00
[sophase Coqling Enhancements $100,000.00
Large Motor Bus Loading Equalization $150,000.00
ID Fan Suction Duct Evaluation $150,000.00
Boiler Feed Pump Performance Upgrad $150,000.00
Main Step-up Transformer Cooling $100,000.00

B ‘Bﬂrvn;r Replacement $2,000.000.od
Scrubber Wall Ring $600,000.00
Generator SCW 02 Monitoring $100,000.00
HP Heater Drain Line Mods $100,000.00
Boiler Modifications $250,000.00
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01/02/2001 ]
01/15/2001 04/01/2002
02/01/2001
03/01/2041 04/26/2002
04/02/5001 04/01/2002
04/02/2001 04/01/2002
04/02/2001 04/01/2002 .
0410211 04/01/2002
01/02/2001 04/01/2002
03/01/20q1 04/01/2002
03/04/2004 04/01/2002
05/}1/200 04/01/2003
04/02/p001 04/01/2002
04/02/2001 04/01/2002
04/02/8001 04/01/2003
01/02/2001 04/01/2003
01/15/2001 04/01/2003
02/01/2001 04/01/2003
03/01/2041 04/01/2003
04/02/2001 03/01/2002
04/02/2001 03/01/2002
04/02/2001 : 03/01/2002
04/02/2001 | [ 03/01/2002
01/02/2001 04/01/2003
03/01/20G1 03/01/2002
03/01/2041 04/01/2003
054447200 04/01/2003
04/02/2001 03/01/2002
04/02/2001 03/01/2002
04/02/2001 04/01/2003
Milestone
Fixed Delay
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04/01/2004
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HP Turbine Dense Pack Modifications
Qperating Options and Economic and Environmental Analysis

Unit Qperation Economics Environmental
Station Not | Station Fuel NOX Emiasions
Station Max HeatRate | Consumption] Total Capital | Benefit Per Payback Benefit/Cost § Emissions per]  per Year
QOption Description Gross Load- | {BTUIKWH) | (TONS/YEAR) Cost Year Perlod (Years) Ratio Year (Toas) (Tons) Environmental Asgesment Comments
Current Emissions limils are 0.5
bs/MBTU of NOx and 0.15 Lbs/MBTU of
$02. Both on rolling 30 day average Current NOx emissions rate Is 0.42 lbs/MBTU
Current Operation 1750 MW 9500 5,268,249 NA NA NA NA 26109 2984 basis. and SO2 ig 0.048 Iba/MBTU
1 Maintain the same histonca) maximum load
with improved heat rate. <:> Operating in this manner should not
: trigger a New Source Review (NSR) or  [There should be no change in NOx and SO2
i |Pravention of Significant Deterioration  [emisslons rate. Total tons per year reductions
Same -214 -118,536 $9,400,000] 94,267,282 0.96 11.67 -587 -87 (PSD) review. I~ are from decreased coal burn.
2 Maintain the same historical steam flow and Since the NOx and SO2 emi should]
increase turbine/generator output. (Note 6) <::"> C‘_‘;’> <:::> not change, increasing load should'pot
mandate & NSR or PSD mview[ y be
difficult to prove as it varias fropryearto  jThare should be na change in NOx and 802
40 MW -214 Same $9,600,000] $15,137,280, 0,28 39.40 Same Same year naturally. ™y {ermissiots rate.
[7 -3 Install additionai plant improvements to Since we will be increasing NOx
& increase boifer and offter systems capacity. lemissions, it will be difficull to get this
No new NOx control equipment , ﬁ @ ﬁ ﬁ ﬂ lapproved &s @ "synthetic minor" change. (A NOX rate i to Q.44
f Some NOx controf will most fikely be bs/MBTU. SO2 emissions will lower fo 0,035
o 100 MW -214 310,224 $21,400,0C0) $37.843.200] 0.43 26.33] 2854 680 required. Lbs/MBTU. (Note 5)
4 Install additional plant improvements ta . Permitting with moderate NOx control
increase boiler and other systems capacity. shouid not be difficult and many options
Install modecate NOXx reduction equipmant {available. Mare aggressive cantrol IAssumes NOx emissions will lower to 0.3
(Note 7). {SCR) will probably notbe mquireM {he/MBTU and SO2 emissions will lower to 0.03
100 MW =214 310,224 $35,784,705] 0.87 2008 as origi ieved Lbs/MBT!
‘ 7 - .
5 S Y Dtioni, ; Wotes): ST
Present Value Annuity Facior (P/A, 8.35 %, 20 Tubine Efficiency Increase (guaranteed by diBenefit per Year = (Increased Generation){ Equiv. ed maintenance cost equals the normai overhaul cost for the turbine HP
1 ears). 11.Ysupplier) = Hrs.) (Cost of Replacement Energy) = § lsection plus the avoided outage sxtension of 3 days to refurbish the HP nozzle block.
Hours of equivalent operationfyear (8760X 0.9 Boiler Heat Input Reduction = Proportional to 2.25%Payback Period = (Capital Costs - Avoided Custs) 0.4
2 Cap. Factor): 7884 Turbine Efficiency Increase = [/Benefit per Year = Years
Net Heal Rate Reduction = 2.25%(9500. 214Benefit to Cost Rafio.= (Benefit per Year)(PV 26.33Note 2 - Cost of additional plant improvements is the projects necessary to increase the
3 Cost of Fuel ($/Ton): $36|BTU/KWH) =BTU/KWH X I nuity Factor)/(Capital Costs - Avoided Costs) = icapacity of all other plant systams to handle the incteased load. This Includes the cooling
mwd Fue! = (Heal Rate Reduction)(Station 118,531 . towsrs, main transforner, generator cooling and other systems.
a4 Cast of replacement energy ($/MWH) $4d Net Load)(Equiv.Hrs)/(Coal BTUILb)(2000 .
{Avaided maintenance cost for the station Lbs/Ton) = (Tons) Increased Fuel = (Decreased Heat Rata){Increaad 310,2241iNote 3 - Cost of Urea is basad on $0.75 per gallon for a 50% Ikuid solution,
5 (Note 1) $6,304,001 Net Load)Equiv.Hrs){Coal BTUILb)(2000
Benefit per Year = (Reduced Fuel}(Cost of Fuel) = §4,287,2821Lbs/Ton) = (Tons)
g High pressure turbine section retrofit: $9,400.00q1s
Cast of additional plant improvements Payback Period = (Capital Costs - Avoided Costs) 0,9 g%g? R 7 [Note 4 - Operating cost for SNCR includes 1% of the capital cost per year for Maintenanca,
7 {Note 2): $12,000,000Benefit perYear = Yeais SR SRERAR F.Option4 LN %
Benefit to Cost Ratio = (Benefit per Year)(PV 11.67Benefit per Yoar = (Increased Generation){ Equiv. | $35,784,705
8 Cost of moderate NOx control equipment: $15,000,000[Annuity Factor)/(Capital Costs - Avoided Costs) = Hrs.) (Cost of Repl; t Energy) - Operating
I ICostiYear= § Note 5 - SO2 will by installation of a device to increase scrubber
8 [Operating cost per year for SNCR (Note 4): §2.058,49 ramoval efficiency. The davice eliminates the “sneakage” of fiue gas around the module
s Payback Period = ( Capital Costs - Avoided Costs’ 0.87)walls thus improving removal efficiency.
10 Coal BTU/LB 11,8001 g i 0 : Banefit per Year = Years
Urea{ eagent) Uliization per Ton NUX Benefit par Year = (Increased Generation)( Equiv. $15,137,280Benefitto Cost Ratio = (Benefit per Year)(PV 12.83Note 6 ~ Capilal cost included and Axira $200,00 for minoc modifications to main transformery
11 jremoved (Tons) Wrs.) (Cost of Replacement Energy) = § anuity Factor){Capital Costs-Avolded Costs) = land isophase duct to handle intfeased load.
Payback Period = (Capital Costs - Avoided Costs) 0.2 /
12 {Cost of Urea per Ton {Note 3) $300YBenefit pe! Year = Years
Benefit to Cost Ratio = (Benefit per Year)(PV 39.460 Note 7 - For this economic analysis, moderate NOx reduction technology i assumed to ba
Annuity Factor)(Capital Costs - Avoided Costs) = ISelective Non-Catalylic Reduction (SNCR) because it is well proven, Other tachnologies
DR AFT F“Ch as ultra-fow NOX burmars will be evaluated before the final decision is made,
02/2172001




HP Turbine Dense Pack Modifications
Operating Options and Economic and Environmental Analysis

Unit Operation Egonomics Environmental
Station Net | Station Fusel X S msong
Statlon Max Heat Rate | Consumption ] Total Capital § Benefit Per Payback Benefit/Cost | Emissions per| per Year
Option Description Gross Load { (BYU/WH) | (Tons/Vear} Cost Yaar Pariod (Years} Ratla Year (Tons} {Tons} Environmental Assessment Comments

Current Emissions fimits are 0.5

Ibs/MBTU of NOx and 0.15 Lbs/MBTU of

$502. Both on rolling 30 day average Current NOx emissions rate is 0.42 lbs/MBTU

Current Operation 1750 MW 9500 5,268,249 NA NA NA NA 28109 2084 basls, and SO2 is 0.048 lhs/MBTU
1 Maintain the same historical maximum load

with improved heat rate. <:> Operating in this manner should not i
trigger a New Source Review (NSR) or  |There should be no change in NOx and SO2

|Prevention of Significant Deterioration  |emissions rate. Total tons pet year reductions

Same -214 -118,536 $9,400,000] $4,267,282] 0.96 11.87| 587 67 (PSD) raview. ars from decreased coal bum.
) Since the NOX and $O2 emissions sho

2 Maintain the same historical steam flow and u@
increase turbine/gensrator output, (Note 6) <::"_> C:> <::> not change, increasing load should not
Imandate 2 NSR or PSD review. May be

difficult to prove as it varies from yearto [There should be no change in NOx and SO2

40 MW 214 Same $9,600,000| $15,137,280, 0.28] 39.46) Same Same year naturally. emissions rate,
3 Install additional piant improvements to Since we will be Increasing NOX
i tailer and other systems capacity. |emissions, it will be difficult to get this
No new NOXx control equipment approved as a "synthetic minor” change. |A NOx emissians rate i to 0.44
lbe/MBTU. 802 emissions will lower to 0.035
100 MW -214 310,224 $21,400,000 $37,843,200] 0.43 26.3: 2854 -680 Lbs/MBTU. (Note 5}
4 Install additional plant improvements to
increase boiler and other systems capacily. should not be difficu¥ and many options
Install moderate NOX reduction equiptment available. Mors aggressive conrol Assumes NOx emissions will lower to 0.3
(Note 7). (SCR) will probably not be required by  |Lbs/MBTU and SO2 emissions will lower to 0.02!
100 MW 214 310,224 $36,400,000 $35,784,705) 2008 as originally believed. Lbs/MBTU

¥

ysis for Option 1

item - .- |Genaral Assumptions i e - - :
Present Value Annuity Factor (P/A, 6,35 %, 20 Turbine Effisiency Increase (guaranteed by Benefit par Year Note 1 - Avoided maintanance cost equals the nomal overhauf cost for the turbine HP
1 YORIs): 11 ppliar) = Rrs.} (Cost of Replacement Energy) = § Isection plus the avoided outage extension of 3 days to refurbish the HP nozzie block.
Hours of equivaient operation/year (8760X 0.9 Boiler Heat Input Reduction = Proportional to 2.25%jPayback Period = (Capital Gosls - Avoided Costs) 0.43
2 Cap. Factor): 7884 Turbine Efficiency Increase = Benefit per Year = Years
Net Heat Rate Reduction = 2.25%{8500 21MBenefit to Cost Ratio = (Benefit per Year)PV 25,3# Note 2 - Cost of additional plant improvements are the projects necessary to increasa the
3 Cost of Fual ($/Ton): $361BTU/KWH) =BTU/KWH nnuity Fagtor)/(Capital Cosls - Avoided Costs) = lcapacity of alt other plant systems to handle the increassd load. This includes the cooling
Reduced Fuel = (Heat Rate ReductionXStation 118,5: towers, main transformer, generator cooling and other systems.
4 Cost of replacement energy ($IMWH) $48|Net Load)}{Equlv.Hrs){Goal BTU/MDL)(2000 .
Avoided maintenance cost for the station Lbs/Ton) = (Tons) Increased Fuel = (Decreased Heat 310,224|Note 3 - Cost of Urea is based on $0.75 per gallon for a 50% liquid solution.
§ _i(Note 1) $5,304, Rate)(Increasad Net Load)(Equiv.Hrs)(Coal
Banefit per Year = (Reduced Fual)(Cost of Fuef) = $4,267 28287 UMLE)(2000 Lbs/Ton) = (Tons)

LECOV0 LdI

8 High pressure turbine section retrofit: $9.400.000}g
Cost of additional plant improvements Payback Pericd = (Capital Costs - Avoided Costs) 0. Note 4 -~ Operating cost for SNCR includes 1% of the capital cost per year for Maintenance.
7 (Note 2): $12,000.000/Benefit per Year = Years el Tor,0ptondent S
Benefit to Cost Ratio = (Benefit per Year}(PV 11.67Benefit per Year = (Increased Generation){ Equiv. 35,784,70!
8 Cost of moderate NOx control equipment: $15,000.0008Annuity Factor)/(Capital Costs - Avoided Costs) = Hrs.) (Cost of Replacement Energy) - Operating
[Cost/Yaar = § Note 5 « 502 emissions will by i ion of a device to increase scrubber
9 Operating cost per year for SNCR (Note 4): $2,068,499 | afficioncy. The davice alimi the kage” of filue gas around the module
St Payback Period = ( Capital Costs - Avoided Costs’ 0.87walis thus improving removal efficiency.
10 {Coal (BTUAB) 11,801 - 5 fysis'for:Option b *2i)V/Benefit per Year = Years
Urea [SNUR Reagerit) Utifization per Ton NUX Benefit per Year = (Increased Gensration)( Equi $15,137.280[Beneft to Cost Ratio = (Banefit per Year)(PV 72.59[Note 6 - Caphal cost includes an extra $200,000 for minor modiications to main ransformer|
11 jremoved (Tons) iHrs.) (Cost of Replacement Energy) = § nnuity Factor)/{Capital Costs-Avoided Costs) = and isophase duct to handle increased ioad.
Payback Period = (Capital Costs - Avoided Costs) 0.2
12 {Cost of Urea per Ton (Note 3) $3000/Bensfit per Yoar = Years
Benefit to Cost Ratio = (Benefit per Year)(PV 39.44 Nole 7 - For this i lysis, moderate NOx reduction technclogy is o be
tAnnuity Factor)/(Capital Costs - Avoided Costs) = Selactive Non-Catalytic Reduction (SNCR) because it is welt proven. Other technoiogles
such as ultra-low NOx burners will be evaluated before ihe final decision is made.
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